The LT detectors were chemically etched in 5.5 N NaOH at 70' C for 15.5 hours and some A.A., N.E., and LT detectors in 6.25 N NaOH at 70' C for 6 hours. A pre-etch step in 60% methanol and 40% NaOH at 70" C for 1 hour was added for some N.E. detectors.
Introduction
CR-39 is a polymeric solid-state nuclear track detector which is widely used for neutron dosimetry. CR-39 detects neutrons mainly by the damage trails from the nuclei of its constituent atoms, namely, hydrogen, carbon, and oxygen. The damage trails or tracks can subsequently be revealed by a suitable etching process: either chemical etching (CE) or electrochemical etching (ECE), or both combined. On the basis of calibration exposures, the track density can then be related to the neutron dose equivalent.
The use of a hydrogenous radiator in contact with CR-39 can enhance its response, because of the additional proton recoils generated within the radiator. When combined with radiators, CR-39 can detect neutrons over a fairly wide energy range from about 100 keV to 20 MeV. The energy range, dose equivalent response ( cmv2 mSv-I), and the lower limit of detection are dependent on the type of CR-39 material, the type and thickness of the radiator, and the particular etching process The N.E. CR-39 materials PN-3 and PN-4 were prototype materials. Two batches of PN-4 (N.E. Bl, N.E. B2) were obtained. The PN-3 material was about 0.13 cm thick and recommended by the manufacturer for CE. The-PN-4 material was about 0.06 cm thick and recommended for ECE. Both types were covered on both sides with Clingsol of thickness 0.002 cm.
The LT CR-39 material "Lantrak," recommended by the manufacturer for CE, was 0.08 cm thick and covered on both sides with a protective layer of polyethylene of thickness 0.006 cm.
The A.A. and N.E. CR-39 were laser-cut into pieces of dimensions 1.59 x 2.85 cm2.
After removal of the protective layers, the detectors were placed inside a plastic badge whose front side, which serves as radiator, was about 0.05 cm thick. The LT CR-39 detectors had a polyethylene radiator of thickness 0.1 cm in front, in the "Landauer badge." It is important to note that the radiator thicknesses were not the same for the different plastics.
Neutron Irradiations
At the Stanford Linear Accelerator Center (SLAC), the neutron irradiations were performed outdoors in a low scatter environment. Corrections were made for anisotropy of the neutron sources and for neutron scattering. The fluences were converted to dose equivalents using the methods outlined in NCRP 79(l).
All detectors were exposed on a cubic water phantom under identical irradiation conditions to radioisotopic neutron sources(2) (238puBe E,, = 4. The pre-etch reduces the background on the detectors. The blow-up step further amplifies the track size after the etch, thus improving the precision that can be attained with the image analyzer which is used for track counting.
CE Procedure
The N.E. detectors were chemically etched using the procedure recommended by the manufacturer: a pre-etch in 60% methanol and 40% 6.25 N NaOH at 70' C for were counted using a Zeiss optical microscope at a magnification of 210. A total of 10 fields of total area 0.11 cm2 were counted.
Track densities for the chemically etched CR-39 detector were determined with a microscope at a magnification of 300. Nine fields of total area of 3.68 mm2 were counted for each detector.
Results and Discussion
Comparison of Response of Different Materials Table 1 LT (6 h) has a similar but lower response than N.E. (6 h); however, its background is more than one order of magnitude lower.
Energy Response of CR-39 (ECE) Figure 1 shows the response of electrochemically etched CR-39 as a function of the average neutron energy which, for all the detectors, generally decreases with increasing neutron energy except 'for a lower response to the PUB neutrons. The response of A.A. to PuBe neutrons is about 1570 lower than its response to 252Cf neutrons, whereas a 30% reduction is reported by Hankinsc3).
For all the neutron sources, A.A. has a higher response than N.E. and N.E. B2
has a slightly higher response than N.E. Bl.
Energy Response of CR-39 (CE) Figure 2 shows the response of chemically etched CR-39 as a function of average neutron energy. For the information of the reader, it must be pointed out that Figure 2 has a broken scale. The scale in Figure 2 is also different from that in 
PDIS 15 Results '
The results of PDIS 15, held at ORNL, are shown in Table 2 :
The first and second columns show the neutron source and the dose equivalent de- Chemically etched N.E. has about the same response as electrochemically etched N.E., but its background is higher. The response, however, is fairly independent of average energy. (2) 9-91 7006A2 Table 1 Source 1) 252Cf (D20)
2) 252Cf (D20)
. 
